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LVDWKHRUHWLFDODQDO\VLVRIWKHVHFRQGRUGHUWKHRU\DWFRPSRVLWH6&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(1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([SHULPHQWDODQDO\VLVRIFRPSRVLWHVWHHOUHLQIRUFHGFRQFUHWHFROXPQV
$W WKH'HSDUWPHQW RI &RQFUHWH 6WUXFWXUHV DQG%ULGJHV 6ORYDN7HFKQLFDO8QLYHUVLW\ LQ%UDWLVODYD WKHUHZHUH
WHVWHGSDUWLDOO\HQFDVHGFRPSRVLWHVWHHOFRQFUHWHFROXPQV$VDVWHHOSDUWWKHKRWUROOHG,VHFWLRQV+($DQG
+($ZHUHXVHG)RU WKH ORQJLWXGLQDO UHLQIRUFHPHQW WKHEDUV ˻RU˻ZHUH FRQVLGHUHG )LJ7DE
7RWDOFROXPQVZLWK WKH OHQJWKVRIPDQGPZHUH WHVWHG ,Q WKH WHVWV WKHQRUPDOFRPSUHVVLRQ IRUFHVZHUH
EURXJKWWRWKHFROXPQVZLWKWKHHFFHQWULFLWLHVIURPWRPP7DE
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)LJ7KHFURVVVHFWLRQRIWHVWHGFRPSRVLWH6[VHULHVFROXPQVDQGIDLOXUHRIWKH6&FROXPQ
7DEOH6SHFLPHQGLPHQVLRQVDQGPDWHULDOSURSHUWLHVRIWHVWHGFRPSRVLWHVWHHOFRQFUHWHFROXPQV
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$QDO\VLVRIFRPSRVLWHVWHHOFRQFUHWHFROXPQVLQVRIWZDUH$WHQD'
7KH UHVXOWV IURP WKH QRQOLQHDU FDOFXODWLRQ LQ FRPSXWDWLRQDO SURJUDP $WKHQD ' ZHUH FRPSDUHG ZLWK WKH
H[SHULPHQWVZKLFKZDVFKDUDFWHUL]HGLQWKHSUHYLRXVFKDSWHU:LWKWKLVDFFXUDWHPRGHOLQJLQ$WKHQD'LVSRVVLEOH
WRGHWHUPLQHWKHUHDOUHVLVWDQFHRIPHPEHUV7KHZLGWKRIFUDFNVGHIRUPDWLRQDQGWKHFUXVKLQJRIFRQFUHWHDQGWKH
FUHHSRIFRQFUHWHUHVSHFWLYHO\FDQEHFRQVLGHUHGLQWKHDQDO\VLV7KHSURJUDPLVGHVLJQHGIRUQRQOLQHDUDQDO\VLVRI
VWUXFWXUHV DQG PHPEHUV E\ XVLQJ WKH ILQLWH HOHPHQWV PHWKRG 7KH DUUDQJHPHQW RI WKH PRGHOV RI FRPSRVLWH 6&
FROXPQDQGWKHGHWDLORIWKHFROXPQHQGDUHVKRZQLQ)LJ7KHFROXPQZDVPRGHOHGZLWKKLQJHGHQGLQJVRQERWK
VLGHVMXVWDVLWZDVPDGHLQWKHH[SHULPHQWV7KHH[DFWYDOXHRIWKHUHVLVWDQFHRIWKHFROXPQZDVGHWHUPLQHGIURP
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WKHIRUFH±GHIRUPDWLRQGLDJUDP7KHPD[LPXPUHVLVWDQFHZDVUHDFKHGZKHQWKHGHIRUPDWLRQJURZVHYHQLIWKHUH
LVQRORDGDGGHG
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)LJ&RPSDULVRQRIWKHUHODWLRQVKLSVIRUFHGHIRUPDWLRQRIFRPSRVLWH6VHULHVFROXPQVWKHOHQJWKRIFROXPQVLVP
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)LJ7KHLQWHUDFWLRQGLDJUDPLQWKHGLUHFWLRQRIWKHZHERIWKHFURVVVHFWLRQIRUWKHVHULHVRIH[SHULPHQWV6DQG6DQGFRPSDULVRQZLWKWKH
QRQOLQHDUDQDO\VLV



)LJ*UDSKLFDOSUHVHQWDWLRQRIWKHHIIHFWVRIVHFRQGRUGHUWKHRU\IRUWKHVHULHVRIH[SHULPHQWV6DQG6

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NDPSOLILFDWLRQIDFWRUIRUVHFRQGRUGHUHIIHFWV
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)LJ1XPHULFDOSUHVHQWDWLRQRIWKHHIIHFWVRIVHFRQGRUGHUWKHRU\IRUWKHVHULHVRIH[SHULPHQWV6DQG6

7KH IRUFH±GHIOHFWLRQ UHODWLRQVKLSRI WKHFRPSRVLWH6&FROXPQVRI VHULHV6ZLWK WKH OHQJWKRIPREWDLQHG
IURPWKHQRQOLQHDUDQDO\VLVDQGWKHPHDVXUHGGHIOHFWLRQDUHLQ)LJ7KHH[SHULPHQWDOREWDLQHGUHVLVWDQFHVRIWKH
WHVWHG FRPSRVLWH 6& FROXPQV ZHUH FRPSDUHG WR WKH FDOFXODWHG UHVLVWDQFHV IURP WKH QRQOLQHDU DQDO\VLV 7KH
LQWHUDFWLRQGLDJUDPVZHUHFDOFXODWHGZLWKWKHGHVLJQYDOXHVRIWKHPDWHULDOSURSHUWLHVDQGDOVRUHDOPHDVXUHGYDOXHV
RI WKHPDWHULDO SURSHUWLHV )LJ5HODWLRQVKLSV IRUFH±GHIOHFWLRQ DQG LQWHUDFWLRQGLDJUDP VKRZHGDYHU\JRRG
PDWFKRIWKHQRQOLQHDUDQDO\VLVRIWKH$7(1$ZLWKWKHH[SHULPHQWDOPHDVXUHPHQWV
$QDO\VLVRIWKHHIIHFWVRIWKHVHFRQGRUGHUWKHRU\
7KHHIIHFWRIWKHVHFRQGRUGHUWKHRU\LVYHU\LPSRUWDQWLQWKHGHVLJQRIVOHQGHUFROXPQV(XURSHDQVWDQGDUGVIRU
WKHGHVLJQRIFRPSRVLWHFROXPQVJLYHXVD VLPSOLILHG UHODWLRQVKLS WRFDOFXODWH WKHHIIHFWVRI VHFRQGRUGHU WKHRU\
7KLVUHODWLRQVKLSFDQEHDSSOLHGRQO\IRUFROXPQVPDGHIURPFRQFUHWHFODVVXSWR&7KHVWHHOJUDGHVFDQEH
IURP 6 XS WR 67KH HIIHFWV RI WKH VHFRQG RUGHU WKHRU\ FDQ EH DOVR FDOFXODWHG E\ DPHWKRG DFFRUGLQJ WR
UHIHUHQFH>@JHQHUDOPHWKRG7KHPDLQDGYDQWDJHRIWKLVPHWKRGLVWKDWLWFDQEHDSSOLHGLQFDVHLIKLJKVWUHQJWK
FRQFUHWHLVXVHG
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DZLWKWKHXVHRIFRQFUHWHFODVV&E
ZLWKWKHXVHRIFRQFUHWHFODVV&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,QWKLVFKDSWHUZHFRPSDUHGWKHUHVXOWVFDOFXODWHGDFFRUGLQJWRWKHVLPSOLILHGDQGWKHJHQHUDOPHWKRG7KHUHVXOWV
REWDLQHGIURPWKHVHWZRPHWKRGVZHUHFRPSDUHGE\WKHXVHRIIDFWRU³N´,QFDVHRIVOHQGHUFROXPQVWKHIDFWRU³N´
LVXVHGWRFDOFXODWHWKHVHFRQGRUGHUPRPHQWE\PXOWLSO\LQJWKHILUVWRUGHUPRPHQWZLWKWKHIDFWRU³N´
N 0PD[,,0PD[,
7KH VHFRQG RUGHUPRPHQWV ZHUH FDOFXODWHG IRU WKH IXOO\ HQFDVHG DQG IRU WKH SDUWLDOO\ HQFDVHG FRPSRVLWH 6&
FROXPQV,Q)LJWKHUHVXOWVRIHQFDVHGFRPSRVLWH6&FURVVVHFWLRQVRIFROXPQVDUHVKRZQ5DWLR1(G1FUGHSHQGV
RQWKHFROXPQVEXFNOLQJOHQJWK5HVXOWVRIWKHFRPSDULVRQDUHSUHVHQWHGLQ)LJDLQWKHFDVHRIXVLQJWKHFRQFUHWH
FODVV&DQGLQ)LJEZKHQFRQFUHWHFODVV&LVXVHG7KHFRPSDULVRQZDVPDGHDOVRZLWKWKHGLIIHUHQW
W\SHVRIPRPHQWGLVWULEXWLRQ
7KHUHVXOWVDFFRUGLQJWRWKHJHQHUDOPHWKRGVKRZDJRRGDJUHHPHQWZLWKWKHUHVXOWVFDOFXODWHGDFFRUGLQJWR
WKHVLPSOLILHGPHWKRGWKHGLIIHUHQFHZDVLQDYHUDJH:HFDQDOOHJHWKDWWKHVLPSOLILHGPHWKRGIRUWKHVHFRQG
RUGHU HIIHFWV DFFRUGLQJ WR WKH(XURSHDQ VWDQGDUGV VKRZV UHVXOWV RQ WKH VDIH VLGH LQ FRPSDULVRQZLWK WKH JHQHUDO
PHWKRGDFFRUGLQJWRWKHUHIHUHQFH>@0RUHRYHULWFDQEHDOVRXVHGLQFDVHVZKHQKLJKVWUHQJWKFRQFUHWH+6&LV
XVHG([SHULPHQWDODQDO\VLVRIVHULHV6DQG6DOVRFRQILUPHGDFFXUDF\RIWKHVHWZRPHWKRGVLQFDVHZKHQ+6&LV
XVHG LQ FRPSRVLWH VWHHOFRQFUHWH FROXPQV IRU WKH H[SHULPHQWDO DQDO\VLV ZDV XVHG +6& RI VWUHQJWK JUDGH RI
& ,Q )LJ  DQG )LJ  DUH SUHVHQWHG WKH FRPSDULVRQV RI WKH PHDVXUHG YDOXHV RI WKH IDFWRU ³N´ DQG WKH
FDOFXODWHGYDOXHVDFFRUGLQJWRWKHJHQHUDODQGWKHVLPSOLILHGPHWKRG
&RQFOXVLRQV
7KH H[SHULPHQWDO DQG WKHRUHWLFDO DQDO\VLV RI WKH FRPSRVLWH 6& FROXPQV DOVR ZLWK WKH XVH RI KLJK VWUHQJWK
FRQFUHWHSURYLGHWKHIROORZLQJFRQFOXVLRQV
x DYHU\JRRGPDWFKRIWKHUHVLVWDQFHVDQGWKHIRUFHGHIOHFWLRQUHODWLRQVKLSRIWKHRIWKHWHVWHGFRPSRVLWH6&
FROXPQVDQGYDOXHVFDOFXODWHGLQQRQOLQHDUSURJUDP$7(1$'ZDVIRXQG
x WKHVLPSOLILHGPHWKRGZKLFKLVUHFRPPHQGHGE\WKHFRGH>@IRUFDOFXODWLRQRIWKHHIIHFWVRIWKHVHFRQG
RUGHUWKHRU\SURYLGHVWKHUHVXOWVZLWKDJRRGDJUHHPHQWZLWKWKHJHQHUDOPHWKRGDFFRUGLQJWRUHIHUHQFH>@
7KHVPDOOGLIIHUHQFHVZHUHRQWKHVDIHVLGH,WZDVDOVRVKRZQDJRRGDJUHHPHQWRIWKHWKHRUHWLFDOYDOXHV
RIIDFWRU³N´ZLWKWKHUHVXOWVIURPWKHH[SHULPHQWDOWHVWV
$FNQRZOHGJHPHQWV
7KLVFRQWULEXWLRQZDVSUHSDUHGZLWKWKHILQDQFLDOVXSSRUWRI6ORYDN*UDQW$JHQF\9(*$
5HIHUHQFHV
>@ 3 9DODFK 'HVLJQ RI FRPSRVLWH VWHHO FRQFUHWH FROXPQV 'LVVHUWDWLRQ ZRUN 'HSDUWPHQW RI &RQFUHWH 6WUXFWXUHV DQG %ULGJHV 6Y) 678
%UDWLVODYDLQ6ORYDNSS
>@ 60DWLDãNR'HVLJQ RI FRPSRVLWH VWHHO DQG FRQFUHWH FROXPQVZLWK WKHXVH RI KLJK  VWUHQJWK FRQFUHWH'LVVHUWDWLRQZRUN'HSDUWPHQW RI
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